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The Impact of a Drawdown on the Movement of Heavy 
Metals Through a Small Impoundment of a Mine 
Contaminated River (38 pp.) 
Director: Vicki J.Watson vf 
The impact of a recent maintenance drawdown of 
Milltown Reservoir on the Clark Fork River was 
studied to determine total suspended sediment (TSS), 
Arsenic (As), Cadmium (Cd), and Copper (Cu) 
concentrations upstream and downstream of the 
reservo i r. 
The TSS determination was performed using a 
membrane filter technique. Analysis for dissolved 
metals was performed by atomic absorption 
spectroscopy. The modified Carius method developed 
by Van Meter (1974), and used here, is a reliable 
method for determining metals in sediments. High 
levels of precision, acceptable accuracy, and very 
low detection limits can be achieved. This digestion 
procedure converts most of the particle-bound metals 
to the dissolved form. 
Suspended sediment concentrations significantly 
increased from the upstream site to downstream site 
during the drawdown. 
The amounts of metals determined in this study were 
compared to USEPA Criteria for Protection of 
Freshwater Aquatic Life. The greatest amount of As 
was about 20 times lower than the EPA limit, and two 
times lower than the value known to harm aquatic 
organ i sms. 
Statements comparing Cd concentrations to the EPA 
limits cannot be made as the detection limits for the 
dissolved and particulate metals analyses were higher 
than the EPA limits. The detection limit for 
dissolved Cu was also above the EPA limits for total 
recoverable (TR) Cu. However, particulate Cu levels 
did exceed TR Cu criteria on several occasions below 
the dam. 
[ i i ]  
ACKNOWLEDGEMENTS 
Th i s work i s ded i cated to the memory of my late 
wife, Vicki. Her love, encouragement, and support gave 
me the strength and determination to complete this work. 
I am also indebted to Dr.Vicki Watson for her guidance 
and expertise which proved invaluable in making this 
study possible. 
[ i i i ]  
TABLE OF CONTENTS 
ABSTRACT i i 
ACKNOWLEDGEMENTS iii 
LIST OF FIGURES AND TABLES v 
Chapter 
I. INTRODUCTION 1 
II. DESCRIPTION OF THE AREA 12 
III. METHODS 17 
IV. RESULTS AND DISCUSSION 22 
V. CONCLUSIONS 34 
REFERENCES CITED 37 
[ i v ]  
LIST OF FIGURES AND TABLES 
F i gure 
1. The Clark Fork and Blackfoot River Drainages 
above Milltown Reservoir 16 
Tab Ies 
1. Accepted Values and Analytical Results 
for Reference Standards 28 
2. Mean Error, Relative Error, and Relative 
Accuracy for Analyses of Reference Standards 29 
3. Relative Standard Deviations as a Measure 
of Precision for Replicate Analyses 30 
4. Analytical Detection Limits for 
Dissolved and Particulate Metals 30 
5. Concentrations of TSS and Metals (Particulate) 
Upstream of Milltown Dam (Turah) Site 31 
6. Concentrations of TSS and Metals (Particulate) 
Downstream of Milltown Dam Site 32 
7. pH Values Upstream and Downstream of Milltown Dam..33 
[ v ]  
Chapter I 
INTRODUCTION 
Overv i ew/Ob j ect i ves 
Historical and current mining and smelting 
operations have left a legacy of spoils throughout the 
West. Frequently, these operations are sited near 
streams or rivers, resulting in heavy metals 
contamination of these aquatic systems. The sediments of 
a small reservoir on the Clark Fork River in Western 
Montana have been polluted in this way, and arsenic (As) 
contamination of the wells of the nearby community of 
Milltown have been linked to these sediments. In 
addition to As, the metals copper(Cu). and zinc(Zn) are 
found in high concentrations (Woessner, et al, 1984). 
Heavy metals contamination has been a chronic problem in 
the Clark Fork River since large scale mining and 
smelting began in the Butte and Anaconda areas in the 
late 1800's. 
The Milltown dam has become the focal point of a 
growing concern for the future of the Clark Fork River. 
The 78 year old structure is becoming dangerous due to 
structural failures incident to aging. The Montana Power 
Company (MPC), owner and operator of the dam, is faced 
with the decision to repair and upgrade the facility or 
[ 1 ]  
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retire it in the near future. The dam is becoming more 
expensive to operate as the cost and intensity of 
maintenance activities escalate. 
Failure or removal of the dam could cause the Clark 
Fork River to receive a massive loading of heavy metals 
and sediments, with the potential for catastrophic 
impacts on the aquatic system downstream. Environmental 
concerns run high on this issue since there is such a 
significant quantity of toxic heavy metals stored in an 
immense quantity of sediment. According to Woessner, et 
al, (1984), the sediments behind Milltown dam amount to 
approximately 6.5 million tons. The As and Cu stored 
there amount to 1,800 and 15,000 tons, respectively. 
Past maintenance drawdowns have provided small scale 
demonstrations of the toxicity of these sediments to 
aquatic biota. For example, in March of 1970, the 
reservoir was drawn down 7 to 8 feet to replace spillway 
retaining boards and to perform other structural 
maintenance. The amount of total recoverable (TR) iron 
(Fe) in the river at Missoula increased from 4.5 to 15.0 
mg/l, Cu from 0.1 to 2.2 mg/1, and Zn from 0.1 to 2.8 
mg/1. Immediately below the dam the concentrations were: 
Fe 100 mg/l, Cu 4.6 mg/l, and Zn 11.2 mg/l (Marcoux, 
1971). The sediments carried from Milltown reservoir 
caused the water color to turn red. 
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The 1970 drawdown was characteristic of annual 
maintenance drawdowns conducted by MPC before it was 
known how detrimental these types of drawdowns were to 
aquatic biota. The rapid drawdown had two main 
characteristics: the reservoir was lowered as quickly as 
possible (2 to 3 days), and was done during high flow 
periods. This method appeared to cause the disturbance 
of sediment in Milltown reservoir. 
As more knowledge of the effects of the drawdowns 
was gathered, MPC changed the way drawdowns are 
conducted. Now the lowering of the reservoir is done 
gradually over a period of 7 to 10 days. This new 
procedure helps reduce the disturbance of sediment in the 
reservoir (P.Smith, personal communication). 
The structural integrity of the dam has been suspect 
in recent years due to numerous leaks found throughout 
the structure. In 1983 the Federal Energy Regulatory 
Commission ordered that certain repairs be made or MPC 
would have to cease power generation. Areas underneath 
the wooden decking were washing out and needed 
reinforcement. MPC elected to begin a low flow drawdown 
in November 1983 to begin repairs to the dam. 
During the period of drawdown which began on 
November 1, 1983, MPC lowered the reservoir's level 
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carefully to minimize sediment escape from the reservoir. 
The level was dropped one half foot the second day, then 
remained static until the fifth day. Beginning with the 
fifth day the reservoir level dropped 1/3 to 1/2 foot per 
day until the water level was lowered a total of five 
feet. The repairs were completed and the reservoir level 
restored in February 1984. This drawdown was more 
extensive in duration than some previous drawdowns. 
At the time of this writing, MPC has elected to 
undertake the complete refurbishment of Milltown dam and 
installation of a newer, more efficient set of turbines 
and generators. The work is tentatively scheduled to 
begin after high flow subsides in the summer of 1985. 
Construction will involve lowering the reservoir about 
eight feet. 
In this study I had several objectives: 
1. To refine methods of assessing heavy metals 
contamination in sediment-laden water. 
2. To assess the amount of heavy metals in 
dissolved and particulate form emanating from the 
drawdown. 
3. To predict likely effects on the Clark Fork 
River ecosystem of such drawdowns. 
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River Sediment Transport 
The transport of river sediments is a complex and 
dynamic phenomenon. The sediments carried by rivers are 
divided into two classes: bed load and suspended load. 
The differentiation between bed load and suspended load 
is not concrete. Leopold (1964), described bed load as 
that portion of total sediment being, moved by rolling, 
sliding, or bouncing along or near the bottom. Bed load 
is normally made up of large and/or dense particles, but 
the exact definition is different from one stream to the 
next because the flow rate, bottom contour, and stream 
velocity will affect what amount of these particles can 
be carried in suspension. 
Leopold described suspended load as that amount of 
sediment carried in the river off the bottom. The 
suspended sediment load varies across the stream width 
and at different depths due to the variance in velocity 
and turbulence from bank to bank. This variance of 
suspended sediment explains the need for integrated 
sampling in a stream at several verticals across the 
entire width to obtain true suspended sediment 
concent rat i on. 
As a river encounters a pool or reservoir the water 
velocity slows, allowing suspended particles to settle 
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out. If the pool or reservoir slows the water enough, 
finer particles can also settle. One result of such 
catch-basin behavior is that the output of suspended 
sediments is less than inputs. Smaller reservoirs like 
the one at Milltown can fill in quickly over time to the 
point that little or no settling of suspended sediment 
occurs. A reservoir no longer functions as a catch-basin 
when output of suspended sediments approximately equals 
inputs. However, when such a reservoir is drawn down, 
previously deposited sediments may be scoured from the 
reservoir and released downstream. 
Sources, Transport, and Partitioning of Metals 
There are many sources of heavy metals pollution to 
natural waters (Moore and Ramamoorthy, 1984), including: 
1. Geologic weathering (source of background 
1evels). 
2. Industrial processing of ores and metals. 
3. Mining activity. 
4. Leaching from solid waste dumps. 
5. Urban storm water runoff. 
6. Domestic effluents. 
7. Atmospheric sources (smelting, internal 
combustion engines, coal-fired power plants). 
Heavy metals transported in rivers may be 
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partitioned into the following forms: 
1. In solution and organic complexes. 
2. Adsorbed onto solids. 
3. Precipitated and coprecipitated onto solids 
(metallic coatings). 
4. Incorporation in solid biological materials. 
5. In crystalline sediments. 
No sweeping generalization can be made regarding 
which of these forms is most significant for trace metals 
in rivers, however. Of six metals analyzed in two 
unpolluted rivers (Fe, Ni, Co, Cr, Cu, Mn). the 
percentage of the different metals found in each of the 
transport mechanisms varied widely (Gibbs, 1973). 
The measurements of Cu on the Amazon and Yukon 
Rivers showed 74.3% and 87.3%, respectively, of the total 
amount of metal transported in crystalline sediments. 
The amount of Cu in solution accounted for 8.9% and 3.3%, 
respectively, while the remaining forms mentioned above 
carried the balance in more or less equal fractions 
(Gibbs, 1973). A typical value for particulate Cu in 
natural, unpolluted waters is 7 to 62 ug/g dry weight, 
while soluble Cu typically ranges from 0.5 to 1.0 ug/1 
(Moore and Ramamoorthy, 1984). 
The form in which metals are transported depends 
largely on water chemistry of the aquatic system. 
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Solubility of Cu in aerated natural water at pH 7 tends 
to be limited to about 64 ug/1. At pH 8 (a value typical 
of the Clark Fork River below Milltown Dam) the 
solubility drops to about 6.4 ug/1, one tenth as great. 
The solubility is lower in a reducing system than in an 
oxidizing system. Concentrations of dissolved Cu higher 
than expected based on pH are noted in water from mines 
or in water that has leached mine tailings or ore dumps. 
If groundwater feeding a stream passes through a major 
ore body, h i gh Cu concentrat i ons may a 1 so be noted (Hem, 
1970). 
Dissolved As concentrations are affected not only by 
pH and oxygen conditions, but by the presence of other 
metals in solution. If Cu is present at 65 ug/1, for 
example, an equilibrium solubility for As would be 
limited to a few tenths of a milligram per liter. The 
sorption of arsenate onto precipitated ferric hydroxide 
or other active surfaces also limits As solubility (Hem, 
1970). The most common reason for low quantities of 
dissolved metals is adsorption of the element onto a 
solid phase (Drever, 1982). Dissolved As in unpolluted 
rivers falls below 1 ug/1 and in 10 major rivers studied 
in the southeastern United States concentrations ranged 
from 0.15 to 0.45 ug/1. Particulate suspended As ranges 
from 3 to 74 ug/g dry weight. Streams contaminated by 
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mining in the UK have sediment-bound As concentrations 
from <50 to >5000 ug/g (Moore and Ramamoorthy, 1984). 
Toxicity of As and Cu to Aquatic Biota 
The toxicity of As to aquatic plants and 
invertebrates generally decreases as pH increases (Moore 
and Ramamoorthy, 1984). This reflects the formation of 
higher oxidation states of As which are less toxic at the 
higher pH values. Also, the presence of phosphate in the 
water has an antagonistic effect on toxicity to aquatic 
plants. In general, total As is acutely toxic to fish at 
1 to 50 mg/l, but the toxicity varies for each species of 
As encountered in the water. 
Cu is highly toxic to most freshwater invertebrates. 
48 hour LC(50)'s are generally less than 0.5 mg/l, but 
may range from 0.006 to 225.0 mg/l. Cu is more toxic to 
fish than any other heavy metal, except for mercury (Hg). 
48 hour LC(50)'s range from 0.017 to 1.0 mg/l, but can be 
higher (up to 3.0 mg/l) as water hardness increases 
(Moore and Ramamoorthy, 1984). 
As or Cu may be transferred to aquatic organisms 
from food or water. Moore and Ramamoorthy claim that no 
evidence of extreme bioaccumu1 ation in the majority of 
aquatic organisms exists. The authors also state that As 
does not accumulate in fish and is not a threat to 
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fisheries resources except in cases of high ambient 
levels. Although the data available are limited, it 
appears that the As is excreted through the gills of 
rainbow trout and presumably other species. In polluted 
fresh water, Cu concentrations in fish tissue rarely 
exceed 1 ug/g (Forstner and Wittmann, 1984). In the 
Clark Fork River drainage, however, Cu in fish muscle 
ranged from 0.1 to 7.7 ug/g in wet tissue (Van Meter, 
1974). 
It is not clear how Moore and Ramamoorthy are using 
the term bioaccumuI ation -- whether it includes the 
phenomenon of biomagnification or not. Numerous studies 
have found bioaccumu1 ation of metals in organisms (metal 
concentration in biotic tissue exceeds metal 
concentration in the ambient water). However, most 
studies suggest biomagnification of metals (increasing 
metal concentration in biotic tissue at higher trophic 
levels) does not occur (Forstner and Wittmann, 1984). 
Cu is highly toxic to most aquatic plants. Growth 
inhibition generally occurs at 0.1 mg/l. Hg is the only 
metal consistently more toxic to aquatic plant life 
(Moore and Ramamoorthy, 1984). 
Little or no information is available on toxicity of 
particle-bound metals. EPA is currently developing 
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criteria (C.Cowan, personal, communication) . Dissolved 
metal concentrations obtained in this study will be 
evaluated in terms of the EPA cr i ter i a for protect i on of 
aquatic life (EPA, 1980). 
Chapter I I 
DESCRIPTION OF THE AREA 
Clark Fork River 
The Clark Fork River originates at the confluence of 
Silver Bow Creek and Warm Springs Creek about 10 miles 
east northeast of Anaconda near the Warm Springs settling 
ponds (Fig.l) From this point the river flows about 90 
miles without obstruction to Milltown dam near Bonner. 
Milltown dam has been used traditionally as the line of 
demarcation separating the upper and lower Clark Fork 
River systems. 
There has been large scale mining activity in the 
upper Clark Fork River drainage since the late 1800's, 
beginning with the discovery of gold in the Butte area in 
1864. Many different precious metals were found in this 
area and led to hundreds of shaft mines and the opening 
of the huge Berkeley Pit copper mine on Butte Hill. 
Tailings from these now mostly dormant operations 
continue to leach and erode heavy metals into the upper 
Clark Fork River and its tributaries, especially Silver 
Bow Creek (Van Meter, 1974; Beuerman, 1978; Peckham, 
1979; Janik, 1982) 
According to Phillips (1983), the Warm Springs 
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settling ponds were built in 1954 to help reduce the 
amount of metals contamination in the Clark Fork River. 
Silver Bow Creek is fed into the series of ponds and 
treated by liming. With the subsequent change in pH from 
acidic to basic, metals in solution are precipitated and 
settle to the bottom of the ponds. 
The installation of the ponds and other improvements 
in mine wastewater treatment and control systems made in 
1972 and 1975 allowed the return of life to the upper 
Clark Fork River. The brown trout population rose from 
next to nothing in 1969 to over 1400 catchable fish per 
mile in the Deer Lodge area by 1979. The population has 
been declining since 1979, however (D.Workman, personal 
communication). In general, water quality has improved 
greatly in the upper Clark Fork River in the last 15 
years, but there are still periods when metals 
concentrations in the upper Clark Fork River are above 
those known to harm fish (Phillips, 1985). 
Blackfoot River 
The Blackfoot River rises along the Continental 
Divide about 15 miles east of Lincoln, MT, and flows 
unobstructed to its confluence with the Clark Fork River 
just above Milltown dam (Fig.l). There are no industries 
or major concentrations of population along the Blackfoot 
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River except for a lumber mill at Bonner, near the 
confluence of the two rivers. 
Although the headwaters were mined extensively at 
the turn of the century, there is very little mining 
activity in the Blackfoot River drainage today. Water 
quality is high since many of its tributaries originate 
in pristine wilderness. The only water quality 
degradation of note today is in the Mike Horse Creek 
area, but its effects are limited to a few miles of the 
uppermost reaches of the Blackfoot River. In comparison 
to the Clark Fork River, the Blackfoot River appears to 
contribute relatively little to the metals loading of 
Milltown reservoir (Bailey. 1976; Woessner, et al, 1984). 
M i1 I town Dam 
The Milltown dam and reservoir located at the 
confluence of the Clark Fork and Blackfoot Rivers is 
r 
typical of many turn-of-the-century hydroelectric 
facilities. Built in 1906, the dam was constructed using 
a rock filled wooden apron. The upper sections were made 
of poured concrete. The dam spans 210 feet and maintains 
an impoundment with a maximum depth of about 30 feet. 
This low hydraulic head system depends on the run of the 
river to spin the turbines. 
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FIGURE 1 
The Clark Fork and Blackfoot River Drainages 
Above the Milltown Reservoir. 
CLARK FORK DRAINAGE 
ABOVE 
MILLTOWN RESERVOIR 
Lincoln MILLTOWN DAM 
MIIIOUlA^VBonMr 
Main River Stem & Tributaries 
• Htmilttn 
SUTTE 
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0 !0 20 3 
SOURCE: 1981 U.SQS. 
Ch apt er III 
METHODS 
Two sites were chosen along the Clark Fork River for 
this study Since the Blackfoot River transports 
relatively small amounts of metals, it was not sampled. 
The site selected to monitor inflow of the Clark Fork 
River was at the Turah fishing access site, about five 
miles upstream of Milltown reservoir. A point about 1.5 
miles downstream of the dam was selected to monitor the 
output At this point the river passes through a fairly 
narrow, steep sided channel under a bridge. The latter-
site was chosen because it was easily accessible and 
allowed for some mixing to occur between the waters of 
the Blackfoot and Clark Fork Rivers. The Turah site was 
selected based on accessibility only. 
Suspended sediment sampling methods in rivers can be 
a complicated and expensive procedure. The standard 
sampling method requires the use of a metal "fish" which 
contains a bottle. The open end of the bottle is 
connected to an orifice at the upstream-facing end of the 
''fish." The water is drawn into the bottle at the same 
rate as the ambient velocity of the stream. The device 
is I owered to the bottom and ra i sed at a rate such that 
the bottle is not quite full when the device is returned 
[ 1 7 ]  
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to the surface (Leopold, 1964) 
A river should be sampled at several verticals 
across its entire width. Unless the river is shallow 
enough to permit wading, this procedure must be followed 
using a cableway, bridge, or boat. Bridges do have 
disadvantages in that they may not be positioned straight 
across a river section. Bridge pilings may also affect 
flow and sediment transport (Ponce. 1980). Standard 
samplers include the US D-43, US D-49. and US DH-48 
(Colby, 1955). 
According to Colby, cross section point sampling of 
streams will yield a profile of suspended sediment 
distribution across the width of a stream. As mentioned 
earlier, suspended sediments can vary widely at different 
points across the channel, but this is not always the 
case. Colby found and measured a fairly uniform channel 
of the Niobrara River in Nebraska that had nearly equal 
suspended sediment distribution throughout the channel, 
except next to the banks where concentrations dropped 
off. If the sampling method mentioned above cannot be 
employed, the next best alternative is a single point 
grab sample taken in the middle of the stream channel at 
0.6 depth (Ponce, 1980). 
The sampling method employed in this study was not 
r  1 9  ]  
either of the ''standard" methods mentioned above. This 
study had no outside funding for such equipment and the 
decision to monitor the drawdown was made just days 
before the drawdown began. Instead, depth-integrated 
grab samples were taken by sampling uniformly at all 
depths at a vertical about one meter from the water's 
edge. The sampling was done by immersing a 500 ml 
Nalgene plastic bottle and uniformly moving it from top 
to bottom and back at a rate such that the bottle was 
filled after two trips up and down. Three bottles were 
filled serially in this manner, which allowed for some 
integration of time (five minutes) as well as depth. 
Prior to filtration in the laboratory, the contents 
of the three bottles were combined in a large flask and 
thoroughly agitated. These samples were analyzed for pH, 
total suspended solids (TSS), and three metals: As, Cd, 
and Cu The TSS determination was performed by filtering 
250 ml of the sample through a .45 micron preweighed 
membrane filter and weighing the dried filter. 
Filtration occurred within 60 minutes of sampling. pH 
was determined in the laboratory using an Orion model 
601A Ionalyzer. 
Metals analysis was accomplished by digesting the 
suspended sediments trapped on a membrane filter using a 
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closed-tube process employing acid, heat, and pressure — 
a modified Carius method developed by Van Meter (1974). 
This method involves placing the sediment-laden filter 
into an acid washed Pyrex glass tube. Approximately 10 
ml of instra-analyzed nitric acid is added and the tube 
is heat sealed. The loaded tubes are placed in metal 
sleeves and heated in a convection oven to 150 degrees C 
for three hours. After cooling for several hours, the 
tubes are scored and opened with the aid of a torch 
flame. Tube contents are transferred to beakers and 
placed on a hotplate for fuming off to near dryness. The 
residue is dissolved in a standard volume of dilute 
nitric acid and analyzed for metals. 
This digestion process liberates most of the metals 
associated with particulate matter in National Bureau of 
Standards (NBS) river and estuarine sediment standards. 
Metals bound to Clark Fork River particles are assumed to 
be liberated to a similar extent. In addition, the 
filtered river water was analyzed for dissolved metals. 
Cu and Cd analyses were performed by flame aspiration and 
As by hydride generation on a Varian AA 275 atomic 
ab sorption spectrophotometer. 
Quali ty Control 
All glassware and sample bottles that came iri 
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contact with the samples were acid washed in 25% HC1 and 
triple rinsed in distilled, deionized water. 
Instra-Analyzed reagents certified for metals analyses 
were used. 
Quality Assurance 
MBS Standard Reference Materials (SRM) and other 
metals sources of known concentrations were used to 
determine the efficiency of the digestion process and 
consistency of laboratory techniques throughout the 
study The procedure involved digesting a known amount 
of the standard along with a blank membrane filter, 
duplicating the process used with actual samples. USEPA 
Trace Metals in Water standards were not digested, but 
were incorporated directly into the sample train for 
ana 1yses. 
The following materials were analyzed: 
NBS SRM 1645 River Sediment 
NBS SRM 1646 Estuarine Sediment 
USEPA WP004-1 Trace Metals in Water 
USEPA WP006-1 Trace Metals in Water 
USEPA WP00G-2 Trace Metals in Water 
Racetrack Cr 1014 (Local material) 
Replicate analyses were performed to determine precision 
(repeatability). Calibration standards or blanks were 
run every tenth sample. Finally, known additions of 
metals were added to splits of digested samples to assess 
matrix interference. 
Chanter IV 
RESULTS and DISCUSSION 
Evaluation of Analytical Method 
The accepted values and analytical results for the 
National Bureau of Standards (NBS) Standard Reference 
Materials (SRM) are shown in Table 1. The NBS SRM's and 
Racetrack Cr are in ug/g, while the USEPA materials are 
in ug/l. Statistical results for quality assurance 
samples are tabulated in Tables 2 and 3. 
The detection limits for dissolved and particulate 
metals analyses are shown in Table 4. The detection 
limits for the particulate fraction are dependent on the 
quantity of sediment on the filter, thus the range in 
detection limits. The concentrating of the 
particle-bound metals during filtration allowed the 
detection of minute quantities of As and Cu. In fact, 
the detection limit for particle-bound metals was far 
less than the detection limit for dissolved metals. The 
calculated weight per unit volume of metals are far below 
the detection limits for dissolved metals. 
Concentrations Upstream/Downstream of Reservoir 
During Drawdown 
Concentrations of TSS, metals, and pH measured in 
[ 2 2 ]  
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this study appear in Tables 5, 6, and 7. The levels of 
dissolved and particulate Cd in the samples were 
.generally below the detection limits of the test method 
(25 ug/l and 0.7 to 25 ug/g, respectively). The 
concentrations of As and C'u in solution were generally 
below detection limits (As: 0.5 ug/l, Cu: 50 ug/l). The 
As values that were measurable amounted to about 5 ug/l. 
Concentrations of particulate As and Cu varied from 0.3 
to 16.3 ug/l and 7.3 to 102 ug/l, respectively, while TSS 
concentration varied from 4 to 144 mg/l. The pH values 
varied from 6.8 to 8.3. 
The concentrations of As in suspended sediment 
measured upstream of the reservoir ranged from 41 to 261 
ug/g (dry weight), but most were in the 100 to 150 ug/g 
range. The mean As concentration in Clark Fork River 
inputs was 126 ug/g (SD = 45.2). Concentrations of Cu in 
suspended sediment ranged from 244 to 1.313 ug/g, but 
most were in the 900 to 1,100 ug/g range. The mean Cu 
concentration in Clark Fork River input was 996 ug/g (SD 
= 239). TSS concentration upstream ranged from 4 to 52 
mg/l. The mean TSS value was 15.5 mg/l (SD=12). 
Upstream pH ranged from 6.8 to 8.2. 
The concentrations of As in suspended sediment 
measured downstream of the rservoir ranged from 54 to 159 
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ug/g (dry weight), but most were in the 70 to 110 ug/g 
range. The mean As concentration in reservoir output was 
95.5 ug/g (SD = 22.7). Downstream Cu concentrations in 
suspended sediment ranged from 602 to 1,282 ug/g (dry 
weight), but most were in the 700 to 900 ug/g range. The 
mean Cu concentration in reservoir output was 863 ug/g 
(SD = 156). TSS concentration in reservoir output ranged 
from 6 to 144 rng/1. The mean TSS value was 30.9 mg/l 
(SD=29 1) Output pH ranged from 7.6 to 8.3. 
Based on 24 samples, there is statistically 
significant evidence (.05 level) that there is a 
significant difference between the two sites in TSS, As, 
and Cu concentrations in the water (ug/l). However, As 
and Cu concentrations in sediment (ug/g of sediment) is 
not significantly different between the two sites. 
Metals concentrations in sediment were, on the average, 
lower at the downstream site, but the difference was only 
significant at the .07 level for As and .17 level for Cu 
One possible explanation of lower mean metals 
concentration in output sediments is that the relatively 
"clean" sediments introduced to the Clark Fork River at 
Milltown Reservoir by the Blackfoot River are diluting 
the more contaminated Clark Fork River sediments. 
Despite the careful drawdown plan, sediment 
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concentrations out of Milltown reservoir appeared to 
increase. The reservoir was apparently shedding some of 
its historic burden of sediment as the Clark Fork and 
Blackfoot Rivers began to cut back into the sediments 
that had settled in the reservoir. 
The pulse noted in January 1984 is worthy of note 
and may represent a typical occurence on the Clark Fork 
River In January, Anaconda Minerals Company typically 
diverts the flow of Silver Bow Creek, around the Warm 
Springs settling ponds to avoid ice damage to the pond 
dikes (G.Phillips, personal communication). This event 
coupled with a period of unusually warm weather could 
explain the brief increase in suspended sediments and 
metals concentrations observed in January. 
EPA Criterion for Protection of Freshwater Aquatic 
Life (EPA, 1980) 
As. Cd, and Cu criteria to protect aquatic life are 
reported as the total recoverable (TR) form of the metal. 
TP metal is that portion that is in solution in an 
unfiltered acidified sample. Thus TR concentration would 
include dissolved metal plus some that would be 
particle-bound at higher pH. 
Arsenic: for freshwater aquatic life the 
concentration of TR trivalent inorganic As should not 
e-:ceed 440 ug/l at any time. Toxic effects on embryos 
ar,d larvae of aquatic vertebrate species have been shown 
to occur at levels as low as 40 ug/l, however At no 
time during the drawdown did the combination of dissolved 
and particulate As approach the latter level. 
Cadmium: for TR Cd the criterion (in ug/l1) to 
protect freshwater aquatic life is the numerical value 
given by e(l 05[1n(hardness)]-8.53) as a 24 hour average. 
The concentration should not exceed the numerical value 
given by e(1.05[In(hardness)]-3.73) at any time. For 
example, in hardnesses of 50, 100, and 200 mg/l as CaC03 
the 24 hour criteria are 0.012, 0.025, and 0.051 ug/l, 
respectively, and the concentration of TR Cd should not 
exceed 1.5, 3.0, and 6.3 ug/l, respectively, at any time. 
TP Cd concentrations would be greater than dissolved and 
less than total Cd levels. Observed values were less 
than 25 ug/l dissolved and less than 0.25 ug/l 
particulate in this study. Since Clark Fork River 
hardness is between 100 and 200 mg/l at this time of 
year, this level of detection is not sufficient to 
determine if either the 24 hour or instantaneous criteria 
were being met. However, it is unlikely at this pH and 
alkalinity that dissolved metal concentration is greater 
than particulate, and particulate concentration does not 
exceed the instantaneous criteria. 
Copper: for TR Cu the criterion to protect 
freshwater aquatic life is 5.G ug/l as a 24 hour average, 
and the concentration should not e-ceed the numerical 
value given by e(0.94[1n(hardness)]-1.23) at any time. 
For example, in hardnesses of 50, 100, and 200 mg/l of 
CaCQ3, the concentration of TR Cu should not exceed 12, 
22, and 43 ug/l, respectively, at any time. The 
dissolved Cu detection limit for this study was 50 ug/l 
and the particulate Cu dectection limit was 0.5 ug/l. 
Thus, if all particulate Cu was liberated by 
acidification, TR Cu criteria would be exceeded in many 
of the samples taken below the dam. The high detection 
limit for dissolved Cu makes it impossible to determine 
if criteria were exceeded at times when particulate 
levels were below criteria. However, it is unlikely at 
this pH and alkalinity that dissolved rnetal is greater 
than particulate. 
T A B L E  1  
Accepted Values and Analytical Results 
for Reference Standards 
Mater i a 1 E1ement Accepted Ana 1yt i ca1 
Value Resu1t 
NBS SRM 1645 Cu 109 +/-19 111.6.10 3 . 4 
103.6,111.8 
NBS SRM 1646 As 11.6 +/—1.6 
1 
i—
* (.
0 
IX
? 
CT
) 
9. 9 
Racetrack 1014 Cd 24 26.9,20. 8 
23.8,22. 1 
20.6,24. 0 
23. 7 
USEPA WP004-1 As 18(1.31-34.2)19.7,19. 7 
19.5,20. 4 
19.7,20. 8 
20. 4 
USEPA WP006-1 Cu 521(457-573) 505,548, 550 
532,559, 550 
538,540, 560 
560,540, 559 
559,505, 532 
Cd 325(259-354) 329,306 
290,302, 290 
329,306, 353 
314,353, 314 
USEPA WP006-2 Cu 339(284-387) 341,341 
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TABLE 2 
Mean Error, Relative Error, and Relative Accuracy 
for the Analyses of Reference Standards * 
Material Element Mean Error Relative Relative 
ug/g Error(%) Accuracy(%) 
SRM 1645 Cu -1.4 -1 . 2 98. 7 
SRM 1646 As -1 . 3 -11 . 2 88. 8 
Race 1014 Cd -0. 87 -3. 6 96. q 
ug/ 1 
WP004-1 As "270 1 1 . . 1 111. 1 
WR006-1 Cu 21 . 5 4. , 1 104. , 1 
Cd -8. 1 - O  a. . . 5 97. 5 
WR006-2 Cu 2.0 0. . 6 100. 6 
* Bias may be defined as any systematic error that 
results in deviations from the accepted value. One way 
to determine if bias is present is to calculate the mean 
error, the relative error, and the relative accuracy of a 
series of measurements in the following way: 
Mean Error = D = Z"di / n, 
where di=(measured value)-(accepted value). 
Relative Error=(mean error)/(accepted value)xl00. 
Relative Accuracy=X/(accepted value)xl00, 
where X=mean of the measured values. 
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T A B L E  3  
Relative Standard Deviations as a Measure of 
Prec i s ion for Rep 1i cate Analyses 
Mater ia 1 E1ement Mean Standard Relative Std 
ug/g Dev i at i on Dev i at i on(%) 
SRM 1645 Cu 107. 6 4 . 1 3.8 
SRM 1646 As 10.3 0. 74 7.2 
Race 1014 Cd 23. 1 2.0 8 . 7 
ug/l 
WP004-1 As "2070 0. 46 2.3 
WP006-1 Cu 542. 5 17.6 3.2 
Cd 316.9 20. 9 6. 6 
WP006-2 Cu 341 . 0 0 * — — _ 
* This value is percent difference between two replicate 
measurements. 
TABLE 4 
Analytical Detection Limits 
for Dissolved and Particulate Metals 
As Cd Cu 
Detection limit in ug/l 
for dissolved fraction 0.5 25.0 50.0 
Detection limit in ug/g 
sediment for particulate 
fraction (range) 0.5-0.014 25-0.69 50-1.38 
Detection limit in ug/l 
for particulate fraction 0.005 0.25 0.5 
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T A B L E  5  
Concentrations of TSS and Metals (Particulate) 
Upstream of Milltown Dam (Turah) Site 
TSS As Cu 
Date mg/l ug/g(a) ug/l(b) ug/g(a) ug/l(b) 
11/5/33 12 108 1 . 3 - -- -
1 1/8 10 159 1 . 6 1 . 130 1 1 . 3 
11/10 6 130 0. , 8 1 , 190 7. 3 
11/12 8 108 0. . 9 1 , 125 9. , 0 
11/15 8 99 0. . 8 910 7. 3 
11/17 6 158 0. , 9 1 , 125 6 . 8 
1 1/23 4 138 0. , 6 938 3. , 8 
12/2 4 80 0. . 3 1 ,313 5. . 3 
12/9 18 73 1 . . 3 694 13. , 0 
12/16 16 123 2. , 0 1 , 125 18. , 0 
1/11/84 19 261 5. . 0 1 , 105 21 . . 0 
1/18 38 41 1 . 6 244 9. . 3 
1/25 32 89 2. . 9 707 23. . 0* 
2/1 14 127 1 . .8 929 13. . 0 
2/8 16 179 2. . 9 1 , 125 18. . 0 
2/15 52 136 7. , 1 1 , 121 58. . 0* 
2/22 12 114 1 . . 4 1,110 13. . 0 
2/29 8 163 1 . . 3 1 , 200 9. .6 
3/7 8 138 1 . . 1 1 , 000 8. . 0 
3/14 18 95 1 . .7 834 15. . 0 
Mean 15.5 126 1 . .9 996 14. . 2 
SD 12.0 45. 2 1 . .6 239 1 1 .  5 
n 20 20 20 19 19 
a. ug of metal/g dry weight of sediment. 
b. calculated from TSS and ug/g(a) values. 
* exceeds EPA TR Cu criteria for protection of freshwater 
aquat i c life. 
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T A B L E  6  
Concentrations of TSS and Metals (Particulate) 
Downstream of Milltown Dam Site 
Date 
TSS 
mg/l u g / g (a ) 
As 
ug/1(b) ug/g(a) 
Cu 
ug/l(b) 
1 1/4/83 14 105 1 . 5 821 12 
11/5 12 127 1 . 5 875 10 
11/6 18 109 2. 0 792 14 
1 1/7 22 159 3. 5 1 , 091 24* 
11/8 22 1 17 2. 6 875 19 
11/9 42 97 4. 1 679 29* 
11/10 76 107 8. 1 1 , 086 83* 
11/11 32 66 2. 1 735 24* 
11/12 22 82 1 . 8 876 19 
11/13 26 78 2. 0 769 20 
11/14 24 75 1 . 8 813 20 
11/15 22 86 1 . 9 853 19 
11/16 18 67 1 . 2 681 12 
11/17 18 72 1 . 3 861 16 
11/18 18 92 1 . 7 1 , 125 20 
1 1/23 8 76 0. 6 1 , 063 9 
12/2 16 117 1 . 9 1 , 282 20 
12/9 90 94 8. 5 833 75* 
12/16 50 79 4. 0 785 39* 
1/11/84 60 101 6. 1 742 45* 
1/18 32 67 O . 1 602 20 
1 /25 144 113 16. 3 712 102* 
2/1 26 117 3. 0 862 22 
2/8 16 125 2. 0 825 13 
2/15 36 102 3. 7 925 33* 
2/22 8 107 0. 9 
2/29 6 99 0. 6 
3/7 6 79 0. 5 
3/14 12 54 0. 7 — — — — 
Mean 30. 9 95. 5 3. 0 863 28. 8* 
SD 29. 1 22. 7 3. 2 156 23. 3 
n 29 29 29 25 25 
a. ug of metal/g dry weight of sediment. 
b. calculated from TSS and ug/g(a) values. 
* exceeds EPA TR Cu criteria for protection of freshwater 
aquat i c life. 
TABLE 7 
pH Values 
Upstream and Downstream of Milltown Dam 
Downst ream 
Turah of Mil 1town Dam 
Date Site Site 
11/1 /83 8.3 
1 1/2 7.8 
1 1/3 8.3 
1 1/4 7.9 
11/5 6.8 7 8 
1 1/6 7. 7 
1 1 n 7.8 
11/8 7.8 7.7 
11/9 8.0 
11/10 7.8 7.8 
11/11 7.9 
11/12 7.8 7 . 6 
11/13 7.8 
11/14 8. 1 
11/15 7.8 7.9 
11/16 7.9 
11/17 7.9 7 8 
11/18 7.9 
1 1/23 8.2 8.2 
12/2 7.9 7.8 
12/9 7.8 7.8 
12/16 7.9 7.9 
1/11/84 7.9 7.8 
1/18 7.9 7.8 
1/25 7.9 7.8 
2/1 8. 1 8.0 
2/8 7.9 7.9 
2/15 7.9 7.9 
2/22 8.0 8.0 
2/29 7.9 8.0 
3/7 8.0 8.0 
3/14 7.5 7.9 
C h =i p t e r 
CONCLUSIONS 
1. Suspended sediment and particulate As and Cu 
concentrations in water (ug/'l) increased significantly 
from the upstream site to downstream site during the 
drawdown. However, As and Cu concentrations in suspended 
sediment (ug metal/g sediment) were not significantly 
different from the upstream site to the downstream site. 
2. Total As (dissolved As, which generally was <5 
ug/l, plus the particle-bound fraction), never approached 
the total recoverable (TR) As limits set by EPA of 440 
ug/l. The greatest amount of metal was about 20 times 
lower than the EPA limit, and 2 times lower than the 
value known to harm aquatic organisms. 
3. Statements comparing Cd concentrations to EPA TP 
Cd limits cannot be made as the detection limits for the 
d i ssolved and particulate Cd were higher than the EPA 
limits. These detection limits are also above dissolved 
metal water quality criteria recommended for protection 
of freshwater fisheries in Europe (Cu 10 ug/l, Cd 1.0 
ug/l) (Alabaster, 1980), The detection limit for 
dissolved Cu was also greater than TR Cu criteria, but 
particulate Cu levels did exceed criteria for TR Cu on 
several occasions below the dam. 
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4. The modified Carius method developed by Van 
Meter (1974), is a reliable method for determining metals 
in sediments. High levels of precision, acceptable 
accuracy, and very low detection limits can be achieved. 
5. In order to determine whether metal levels 
exceed water quality criteria for protection of aquatic 
life, more sensitive methods for detection of dissolved 
metals are needed for analyses of Clark Fork River water. 
Analysis by carbon rod or some method of concentrating 
the dissolved metals should be explored. 
The construction drawdown planned for the summer of 
1985 will involve a seven to eight foot reduction in 
water level. The November 1983 - February 1984 drawdown 
studied here involved a five foot reduction. If this 
study is to be used as a predictive tool for any future 
drawdown, one is cautioned to bear in mind that the 
suspended sediment and metals concentrations may be even 
higher than concentrations described in this study. 
The quantities of particulate As and Cu described in 
this study are worthy of note. However, no water quality 
criteria have been developed for the particulate form of 
these metals. Research in this area is needed to 
understand the effects of this form of metal on the 
aquatic ecosystem. I recommend reevaluating these data 
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in light of EPA water quality criteria for particle-bound 
metals when they become available. 
Another area in which knowledge is needed is the 
estimation of sediment loading inputs and output of 
Milltown reservoir by standard sediment sampling methods. 
Coupling such data with sediment metals analyses would 
provide a picture of the quantities of sed i ment and 
metals being transported in this section of the Clark 
Fork River system. 
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